To address this gap in knowledge, we examined countylevel variation in out-of-hospital cardiac arrest survival by using data from the Cardiac Arrest Registry to Enhance Survival (CARES), a large and geographically diverse database of out-of-hospital cardiac arrest patients in 31 states encompassing 80 million people in the United States. We calculated the extent of variation in out-of-hospital cardiac arrest survival across US counties by using hierarchical regression models and quantified the relative contributions of patient factors, cardiac arrest characteristics, bystander response (CPR and AED use), and county-level sociodemographic factors in explaining any observed variation in survival. In addition, we also examined variation in survival with functional recovery, a key end point in the study of out-of-hospital cardiac arrest care that is infrequently reported, but could vary in ways different from overall survival.
Methods
The CARES database was established in 2005 as a collaboration between Emory University School of Medicine and the Centers for Disease Control and Prevention for public health surveillance and continuous quality improvement for out-of-hospital cardiac arrest. Since inception, CARES has grown to involve >800 emergency medical service (EMS) agencies across 405 counties in 31 states, including 6 states with quality improvement efforts for cardiac arrest systems of care with the Heart Rescue initiative. 7 Details of the study population, data collection, data reporting, and EMS and cardiac arrest protocols have been previously reported. [8] [9] [10] The registry enrolls all 911-activated out-of-hospital-cardiac arrest events, defined as absence of pulse, apnea, and unresponsiveness with attempted resuscitation by EMS or first responders and including those with termination of resuscitative efforts before hospital arrival. Patients are identified from data collected from the 911 dispatch centers, EMS agencies, and receiving hospitals. Data collection within CARES is based on the Utstein-style definitions -a standardized template of uniform reporting guidelines for clinical variables and study outcomes that was developed by international resuscitation experts. 11, 12 Until recently, only patients with a presumed cardiac etiology, defined as an arrest that is not known or likely to have been caused by trauma, submersion, drug overdose, asphyxia, exsanguination, or any other noncardiac cause, as best determined by rescuers were included. However, because of the difficulty in ascertaining cardiac etiology by rescuers in the field, the inclusion criteria in CARES was modified in January 2013 to include all patients with nontraumatic out-of-hospital cardiac arrest. Study variables include patient demographics, cardiac arrest characteristics, address of the cardiac arrest location, EMS response, and in-hospital outcomes at participating sites.
Before enrollment, EMS and hospital users receive extensive training from a CARES program or a CARES state coordinator regarding data elements, data collection process, and the data management software. Data are entered using an online data-entry portal, or via direct upload from an agency's patient-care record. The data-entry portal also has built-in logic checks to minimize data-entry errors. A data analyst used by CARES reviews all records for completeness and accuracy by using an audit algorithm, and data-entry errors are flagged for further review. Moreover, each EMS agency is asked to confirm their nontraumatic call volume to ensure capture of all arrests in a geographic area. The volume of cardiac arrest during each month is compared with historical data for that EMS agency, and, if a substantial change in monthly volume is noted, the EMS agency is notified. Finally, CARES also conducts a biannual assessment of each agency's case volume and covered population, and link it to survival data and record volume to identify outliers across the registry. In the event of an outlier, CARES staff work closely with the agency to identify and resolve issues with the data collection process.
Study Population
Within CARES, we identified 147 415 patients ≥18 years of age with an out-of-hospital cardiac arrest of presumed cardiac etiology, between October 1, 2005, and December 31, 2014. We excluded 6306 patients who had a do-not-resuscitate order. We also excluded cardiac arrests that were EMS witnessed (n=15 202) or occurred in a healthcare facility, hospital, or nursing home (n=21 416) because of a high likelihood of trained professionals involved in resuscitation in these situations. Because our planned analyses included evaluating the extent to which community-level factors explained variation in survival, we also excluded cases for which the address at which the cardiac arrest occurred was either not available or could not be successfully geocoded (n=887), and patients with missing data on survival (n=492), as well. Finally, because our study sought to examine variation in survival at the county level (see below), we restricted our study population to only those counties with a cardiac arrest volume of at least 100 cases (6450 cases from 273 counties excluded). Our 
Independent Variable and Study Outcomes
The primary geographic unit of analysis was a US county. Each patient within CARES was geocoded by the Centers for Disease Control and Prevention to a US latitude and longitude. With the use of these geocoded coordinates, each patient was then mapped to a US county.
The primary outcome was survival to discharge, and the secondary outcome was survival with functional recovery. The latter was assessed using the previously described and validated cerebral performance category (CPC) score. 13 A CPC score of 1 denotes mild or no neurological disability, 2 denotes moderate neurological disability, 3 denotes severe neurological disability, 4 denotes coma or vegetative state, and 5 denotes brain death. We defined survival with functional recovery as survival to discharge with a CPC score of 1 or 2.
Study Variables
Patient-level characteristics that were considered for risk adjustment were age (categorized as 18-54, 55-64, 65-74, ≥75), sex, race (white, black, other or unknown), initial cardiac arrest rhythm (categorized as nonshockable [asystole, pulseless electric activity, unknown nonshockable rhythm] and shockable [ventricular fibrillation, ventricular tachycardia, unknown shockable rhythm]), location of arrest (home or public area), whether cardiac arrest was witnessed by a bystander (ie, someone other than a first responder [fire department or police personnel] or the EMS provider), initiation of CPR by a bystander, and bystander use of an AED. Given that out-of-hospital cardiac arrest survival in CARES has improved over time, 14 and that different EMS agencies joined CARES at different time points, we also included calendar year as a variable in our models to ensure that survival variation between counties was not confounded by temporal trends in out-of-hospital cardiac arrest survival.
To characterize county-level effects in our analyses, we obtained data on the following variables at the county level from the American Community Survey 2008 to 2012: median age, proportion of black and male residents in each county, average family size, median household income, and population density per square mile. 15 For each county, we also calculated rates of bystander CPR and bystander AED use within CARES as follows. Rates of bystander CPR were calculated by dividing the number of individuals who had a cardiac arrest who received bystander CPR by the total number of cardiac arrests in each county. Similarly, we calculated rates of bystander AED use for each county by dividing the total number of individuals who had a cardiac arrest who were assessed with an AED before the arrival of EMS personnel by the total number of cardiac arrests in each county.
Statistical Analysis
Because the primary geographic unit of analysis was the county, we first calculated the unadjusted survival rate for out-of-hospital cardiac arrest within each county and descriptively examined variation in survival rates by using graphical methods. We then ranked and grouped counties into quartiles according to their unadjusted survival rates and evaluated differences in demographics, cardiac arrest characteristics, bystander response (CPR and AED), and county-level sociodemographic characteristics by using the Cochran Armitage test of trend for categorical variables and linear regression for continuous variables. We also examined the Pearson correlation between unadjusted county-level rates of survival and county-level rates of bystander CPR and AED use.
Two-level multivariable hierarchical models (with patients nested within counties) were used to assess the relationship between the aforementioned patient-level and county-level factors and survival outcomes. 16 Hierarchical models account for clustering of patients within each county and avoid overestimation of the significance of statistical associations. They also allow an estimation of the independent contribution of patient-level and county-level factors in explaining the survival variation across counties.
In these models, we first quantified the extent of variation in survival between counties by calculating the unadjusted median odds ratio (OR). 17 The median OR is derived from the variance estimate of the random intercept from the hierarchical model and is always >1. Conceptually, the median OR represents the relative odds of survival for 2 identical patients (ie, similar patient, cardiac arrest, and county characteristics) with an out-of-hospital cardiac arrest in 1 randomly selected county in comparison with another randomly selected county. A median OR of 1.0 indicates no county-level variation in survival, whereas a median OR of 1.50 indicates that the odds of survival for a patient are 50% higher in 1 randomly selected county in comparison with another randomly selected county.
We then determined the extent to which variation in survival across counties (as measured by the unadjusted median OR) was explained by patient factors, cardiac arrest characteristics, bystander response (CPR and AED use), and county-level sociodemographic factors. To accomplish this, we constructed a sequence of hierarchical models that cumulatively adjusted for the following groups of variables: (1) patient demographic factors (age, sex, race), (2) cardiac arrest characteristics (initial rhythm, location of arrest, witnessed arrest, and calendar year), (3) bystander CPR and AED use, and rates of bystander CPR and AED use at a county level, and (4) countylevel sociodemographic characteristics (median age, racial and sex composition, median household income, family size, and population density in 2010). In these models, each county was modeled as a random effect, whereas patient-level and county-level variables were modeled as fixed effects. We calculated the median OR at each step and compared it with the median OR from the unadjusted model. We also determined the extent of variation accounted by each sequence of adjustment by determining the degree to which the variance for the county-level random effect was attenuated with the addition of variables at each step. Finally, we quantified the independent association between county-level rates of bystander CPR and AED with survival using hierarchical models similar to those described above, with the exception that county-level demographic variables that were at least moderately correlated with bystander CPR and AED use (absolute Pearson correlation coefficient >0.40) were not included ( Table I in the online-only Data Supplement). This was done to avoid overadjusting the effect of bystander CPR and AED on survival, because a recent study showed a strong association between bystander CPR and neighborhood characteristics. 18 Moreover, unlike most countylevel sociodemographic characteristics, which are not modifiable, bystander CPR and AED rates are potentially amenable to intervention. All aforementioned analyses were repeated for the outcome of survival with functional recovery.
Sensitivity Analyses
We conducted additional analyses to determine the robustness of our study findings. First, in light of the evidence from a recent study that suggested significant differences in postdischarge survival in patients with CPC of 1 versus CPC of 2, 19 we explored whether the extent of county-level variation in survival with functional recovery was sensitive to the CPC cutoff used in this study (CPC of 1 or 2 versus CPC of 1). Second, because data on hypothermia or coronary angiography were not collected in the CARES registry until 2010, we were unable to examine their contribution on survival variation in our main analyses. However, we addressed this limitation by restricting our cohort to 2010 to 2014 and repeated the analyses above to determine relative impact of hypothermia and early coronary angiography in explaining survival variation across counties. The detailed methodology is described in the Methods in the online-only Data Supplement.
Overall, data were missing in <1% of patients, with the exception of race. Because of its sensitive nature, race was not consistently reported by EMS agencies and was missing in 26.4% of patients. For these patients, race was coded as unknown and evaluated as a separate dummy variable in our models.
All statistical analyses were performed by using SAS 9.3 (version 9.3 Cary, NC: SAS Institute, 2002-2010). We used the PROC GLIMMIX feature in SAS to construct the hierarchical regression models described above. Geocoding was performed by using 
Results
A total of 96 662 patients with out-of-hospital cardiac arrest from 132 US counties were included in this study. The list of 31 states and the number of counties per state are summarized in Table II in the online-only Data Supplement. Nearly 1 in 4 (24.9%) patients had an initial shockable rhythm. The mean age was 63.7 years, and 36.4% were women. Fewer than half (43.9%) had a witnessed arrest, 34.4% received bystander CPR, and 2.3% were assessed with an AED (Table 1) .
Overall, a total of 9317 (9.6%) patients survived to discharge, and 7176 (7.4%) achieved functional recovery at discharge (Table 1 ).
In comparison with study patients, patients who were excluded because of low county case-volume were more likely to be men, to be white, to have a witnessed arrest and an initial shockable rhythm, and to receive bystander CPR (Table III in the online-only Data Supplement). Nearly all (97%) of the excluded patients were enrolled during 2011 to 2014. Unadjusted survival was similar in both groups (9.6% versus 9.2%, P=0.21), but survival with functional recovery was higher in excluded patients (7.4% versus 8.1%, P=0.042).
There was marked county-level variation in overall rates of survival to discharge and survival with functional recovery (Figure 2A and 2B) . Rates of survival to discharge ranged All numbers in the table are number (%) unless otherwise specified. AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; and SD, standard deviation.
*The overall rate of missing data was low (<1%), with the exception of race, which was missing in 26.4% of the patients. Patients missing race were coded as Unknown. Other characteristics that were missing were sex (19 patients), shockable rhythm (11 patients), witnessed arrest (7 patients), AED (15 patients), and survival with functional recovery (558 survivors) by guest on August 31, 2017 http://circ.ahajournals.org/ Downloaded from from 3.4% to 22.0%, whereas rates of survival with functional recovery ranged from 0.8% to 20.1%.
We categorized counties into quartiles based on their unadjusted survival (quartile 1, <7.7%; quartile 2, 7.7%-9.6%; quartile 3, 9.7%-12.1%; quartile 4, >12.1%). There were significant differences in a number of patient characteristics between quartiles (Table 1) . Patients with cardiac arrest in counties in the lowest quartile were older, were more likely to be female, and were less likely to have a witnessed arrest, receive bystander CPR, be assessed with an AED before EMS arrival, and have an initial shockable rhythm (P for trend<0.0001 for all; Table 1) . At a county level, there were significant differences with regard to the racial composition of residents. Nearly 21% of residents in counties in the lowest quartile of survival (quartile 1) were black in comparison with 11.6% in the second quartile, 8.5% in the third quartile, and 6.2% in the highest survival quartile (quartile 4, P for trend<0.0001; Table 2 ).
There was a significant positive correlation between county-level rates of bystander CPR with rates of survival to discharge (ρ=0.42, P<0.0001) and survival with functional recovery (ρ=0.43, P<0.0001; Figure 3A ). Likewise, countylevel rates of bystander AED use were also strongly correlated with rates of survival to discharge (ρ=0.40, P<0.0001) and survival with functional recovery (ρ=0.44, P<0.0001; Figure 3B ).
For the outcome of survival to discharge, the unadjusted median OR was 1.40 (95% confidence interval, 1.32-1.46), which suggests that there is a median 40% difference in the odds of survival for random subjects with out-of-hospital cardiac arrest in 2 randomly selected counties. Sequential adjustment for patient demographics and cardiac arrest characteristics explained 4.8% and 27.7% of the county-level variation in survival, respectively (Table 3) . Additional adjustment for bystander response explained a total of 41.0% of the county-level variation in survival, and this proportion increased to 50.4% after adjusting for other county-level characteristics. The final model for patient-and county-level characteristics is described in Table IV in the online-only Data Supplement. At a county level, rates of bystander CPR, median age, and median household income were significantly associated with overall survival, whereas rates of bystander AED use were not. The unadjusted median OR for survival with functional recovery was 1.53 (95% confidence interval, 1.43-1.62). Sequential adjustment of demographic and cardiac arrest variables explained 10.9% and 27.7% of county-level variation in survival with functional recovery, respectively. The proportion of county-level variation explained increased to 37.2% after adjustment of bystander response, and to 49.9% after adjustment for other county-level characteristics (Table 3) . At a county level, rates of bystander CPR, median age, and median household income were associated with survival with functional recovery (Table IV in the online-only Data Supplement). These results were qualitatively similar when we used a CPC of 1 to define survival with functional recovery (Table V in the online-only Data Supplement).
In sensitivity analyses, we also determined the impact of hypothermia and coronary angiography in explaining survival variation across counties with available data on these variables. The median rate of hypothermia in eligible patients was 54.1% (interquartile range, 46.4%-66.0%; n=109 counties, 64 871 patients), and the median rate of early coronary angiography was 45.4% (interquartile range, 33.3%-55.2%; n=59 counties, 18 677 patients). Results of the hierarchical models within this subgroup are summarized in Tables VI and VII in the online-only Data Supplement. We found that sequential adjustment of hypothermia use explained 1.8% of variation in survival to discharge (median OR decreased from 1.27 to 1.26), and 3.8% of variation in survival with functional recovery (median OR went from 1.30 to 1.29) across counties. Sequential adjustment of coronary angiography explained 8% of variation in survival to discharge (median OR 
Discussion
In this large out-of-hospital cardiac arrest registry, we found marked variation in rates of survival to discharge and functional recovery across US counties. The relative odds of survival to discharge varied by ≈40% between counties, whereas the relative odds of survival with functional recovery varied by 53%. Although a large proportion of county-level variation in survival remained unexplained, a substantial proportion of the explained variation was attributable to differences in patient demographics, cardiac arrest characteristics, bystander response, and sociodemographic characteristics of communities. It is noteworthy that bystander CPR was the factor most amenable to modification. Collectively, our findings highlight large variations in survival outcomes for out-of-hospital cardiac arrest and suggest that public health interventions, such as those that improve rates of bystander CPR, have the potential to improve low survival rates for this condition, especially in low-performing counties that we found had a disproportionately higher proportion of black residents.
Regional variation in out-of-hospital cardiac arrest survival has been previously described in the ROC registry, which reported that rates of survival ranged >5-fold, from 3.0% in Alabama to 16.3% in Seattle, WA, after adjustment for age and sex. 2 In another study from the ROC registry, Rea et al 20 found that adjustment of demographics, cardiac arrest characteristics, and bystander response explained ≈43% of survival variation across sites in the ROC registry. However, that study only included 7 North American regions, thereby limiting generalizability. Moreover, survival with functional recovery -a key end point in out-of-hospital cardiac arrest -was not available. Our study extends the work of the ROC investigators by examining variation in cardiac arrest survival in a larger and more geographically diverse group of US communities. We were able to quantify the extent of variation in rates of survival to discharge and functional recovery across 132 US counties and determine the relative contribution of demographic factors, cardiac arrest characteristics, bystander response, and county-level characteristics by using sequential hierarchical regression models. Importantly, county-level rates of bystander CPR were not only associated with survival to discharge and functional recovery, but also accounted for a sizeable proportion of the site-level variation in both outcomes, highlighting the importance of this critical intervention.
A recent study showed marked variation in rates of bystander CPR across neighborhoods in the United States. 18 Odds of receiving bystander CPR for a person with cardiac arrest were 51% lower if the arrest occurred in a low-income black neighborhood in comparison with a high-income white neighborhood. In this study, we extend this previous work by showing that communities with low rates of bystander CPR also had lower rates of out-of-hospital cardiac arrest survival. Given the overrepresentation of black residents in communities with poor survival rates, our findings suggest that a renewed emphasis by national organizations on improving rates of bystander CPR in communities with low rates of bystander CPR may not only improve survival outcomes overall, but could also be a potential strategy to reduce existing racial disparities in out-of-hospital cardiac arrest survival. 18, 21 A broad-based national strategy for improving rates of bystander CPR has previously been found to be successful The extent of variation is quantified by the median odds ratio (OR). The relative contribution of patient demographics, cardiac arrest characteristics, bystander response (CPR and AED use), and county-level sociodemographic characteristics in explaining variation in survival outcomes was quantified. AED indicates automated external defibrillator; CI, confidence interval; CPR, cardiopulmonary resuscitation; and SD, standard deviation.
*Model adjusted for age, sex, and race. †Model adjusted for age, sex, race, initial rhythm, location, witnessed arrest, calendar year of cardiac arrest.
‡Model adjusted for age, sex, race, initial rhythm, location, witnessed arrest, calendar year of cardiac arrest, bystander CPR and AED use at a patient level along with county-level rates of bystander CPR and county-level rates of AED.
§Model adjusted for age, sex, race, initial rhythm, location, witnessed arrest, calendar year of cardiac arrest, bystander CPR and AED use at a patient level along with county-level rates of bystander CPR, county-level rates of AED, and county-level sociodemographic characteristics (median age, proportion of black residents in the county, proportion of male residents in the county, median household income, and population density in 2010).
in Denmark. This national program included (1) mandatory CPR training in elementary schools, and at the time of acquiring a driver's license, as well; (2) countrywide dissemination of free CPR education kits; and (3) improvement in dispatch-assisted bystander CPR. As a result of these efforts, there was a >2-fold increase within a 10-year period in the provision of bystander CPR for out-of-hospital cardiac arrest in Denmark (from 21.1% in 2001 to 44.9% in 2010), which was accompanied by a significant increase in survival (1-year survival increased from 2.9% in 2001 to 10.2% in 2010). 22 More recently, a randomized trial found that the use of mobile technology to recruit trained volunteers has the potential to increase rates of bystander CPR. 23 Both of these studies demonstrated that bystander CPR rates are modifiable but require carefully designed interventions.
Low rates of bystander CPR in the United States may be attributable to a number of factors. Surveys have shown that bystanders may be reluctant to perform CPR for concerns about transmission of infectious diseases, legal liability, or fear of failure. 21 Moreover, until recently, the complexity of the CPR guidelines was an impediment to the learning, retention, and delivery of CPR. However, findings from recent studies, which suggest that outcomes with compression-only CPR may be similar to conventional CPR with regard to survival, are encouraging. 24 Importantly, compression-only CPR is simpler to perform and retain, minimizes interruptions, and avoids mouth-to-mouth ventilation, and therefore is more likely to be adopted by community members. Future studies are needed to determine whether specific community-based interventions, which promote the adoption of compression-only CPR, result in an improvement in overall survival, especially in communities with poor survival rates.
Although bystander use of AEDs was strongly associated with survival at a patient level, county-level differences in bystander AED use did not explain the survival variation across counties in adjusted analyses. This is likely because overall rate of bystander AED use was low (mean, 2.1%; range, 0.0%-7.0%) suggesting that these analyses may have been underpowered. However, previous studies that have suggested a benefit of AED on survival were limited to cardiac arrests in a public location (eg, shopping malls, casinos). [25] [26] [27] To date, home use of AEDs has not been shown to significantly improve survival from sudden cardiac arrest in patients at risk for such events. 28 Given that a majority of outof-hospital cardiac arrests occur in a home location (≈82% in our study), our finding of a lack of association between bystander AED use at a county level and survival is not altogether surprising.
Our study findings should be interpreted in light of the following limitations. First, although we evaluated a number of county-level characteristics, our analysis lacked information on some key variables (eg, EMS response times and time to return of spontaneous circulation). Nonetheless, these factors reflect county-level variations in response times and resuscitation care and are likely mediators of the observed variation that exists. Second, information on some important patient and treatment variables (eg, comorbidities, quality of CPR, and frequency of interruptions), which are important determinants of survival, were also not available within CARES and may lead to unmeasured confounding for the calculation of the median ORs across counties and account for some of the unmeasured variation in survival outcomes. Although race was available, it was missing in ≈26% of patients. Moreover, information on race was obtained by using a combination of patient/family self-report and EMS provider assessment; the accuracy of this approach is unknown. Third, information regarding hospital treatments (eg, use of hypothermia, coronary angiography) was not consistently collected during the study period. However, in a subgroup analysis, we found that variation in the use of hypothermia only accounted for a small proportion of county-level variation in overall survival. Although the relative impact of coronary angiography on county-level variation in survival outcomes was greater, these findings need to be confirmed in other cohorts where data collection on the above variables is more consistent. Fourth, counties are heterogeneous in terms of sociodemographic characteristics of residents and resources, and our choice of county as the unit of analysis may have underestimated the association between community-level characteristics and survival outcome. Nonetheless, EMS response in many states is organized at a county-level, thus making our use of counties as the unit of measurement more interpretable. 29 Fifth, assessment of survival with functional recovery using CPC scores at discharge may be confounded by variation in hospital discharge practices. Last, although CARES is the largest database of out-of-hospital cardiac arrest in the United States with a large catchment area, our study only included a total of 132 US counties. Therefore, our results may not be generalizable to other US counties, especially low-volume counties that were excluded from this study.
In conclusion, we found substantial variation across US counties in survival and survival with functional recovery following out-of-hospital cardiac arrest, which was explained in part by regional differences in patient demographics, cardiac arrest characteristics, use of bystander CPR, and community-level sociodemographic characteristics. County-level rates of bystander CPR accounted for a substantial proportion of the explained variation in these cardiac arrest outcomes. Our findings suggest that focused public health interventions to improve the rates of bystander CPR could potentially improve survival outcomes for outof-hospital cardiac arrest, especially in communities with poor survival.
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CLINICAL PERSPECTIVE
Out-of-hospital cardiac arrest is common and associated with poor survival and neurological outcomes. Although previous studies have documented marked variation in out-of-hospital cardiac arrest survival based on geography, few studies have examined factors that explain survival variation across communities. Using data from a large registry of out-of-hospital cardiac arrests in the United States, we found a marked variation in rates of survival to discharge (range, 3.4%-22.0%; median odds ratio, 1.40) and survival with functional recovery (range, 0.7%-16.2%; median odds ratio, 1.60) across US counties. County-level rates of bystander cardiopulmonary resuscitation and bystander automated external defibrillator use were positively correlated with both outcomes (P<0.0001 for all). Patient demographic and cardiac arrest characteristics explained 4.8% and 27.7% of the county-level variation in survival, respectively. Additional adjustment of bystander response explained 41% of the survival variation, and this increased to 50.4% after adjustment of county-level sociodemographic factors. Similar findings were noted in analyses of survival with functional recovery. Importantly, a substantial proportion of explained variation in survival across communities was attributable to variation in rates of bystander cardiopulmonary resuscitation -a factor that is most amenable to intervention. Collectively, our findings highlight large variation in survival outcomes for out-of-hospital cardiac arrest and suggest that public health interventions, such as those that improve rates of bystander cardiopulmonary resuscitation, have the potential to improve the low survival rates for this condition.
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Impact of hypothermia and coronary angiography on survival variation across counties
We restricted our study cohort to years 2010-2014 to coincide with the period when data on hypothermia and coronary angiography was collected within CARES (n=84,022). Within this cohort, patients were considered eligible for hypothermia or coronary angiography if they were successfully resuscitated and admitted alive to the hospital. Due to inconsistent reporting of hypothermia and coronary angiography across communities, counties with > 10% missing data for hypothermia or coronary angiography were excluded from this analysis. We calculated county-level rates of hypothermia as the proportion of eligible patients who received hypothermia in that county. We calculated county-level rates of early coronary angiography as the proportion of eligible patients who received early coronary angiography (within 1 calendar day of cardiac arrest) in that county. We constructed sequential hierarchical models with adjustment of 1) patient demographics 2) cardiac arrest characteristics 3) bystander CPR and AED use, and rates of bystander CPR and AED at a county-level, and 4) county-rates of hypothermia (or coronary angiography) and 5) county-level socio-demographic characteristics as described in our main analyses. We calculated the median OR at each step and also determined the extent of variation accounted by each sequence of adjustment. These findings are summarized in eTables 6 and 7. 
